Background
Introduction
Several studies across Africa have reported that up to 84% of infected individuals are unaware of their HIV status [1] [2] [3] [4] , the vast majority of whom remain sexually active [1, 2, 4] .
Sexual behaviour [5] [6] [7] [8] [9] [10] and factors that influence the transmission of HIV during sexual intercourse [11] (such as sexually transmitted infections (STIs) [12] , male circumcision [13] and condom use [11] ), are acknowledged as the main risk factors associated with the generalised HIV epidemic that has taken hold in sub-Saharan Africa. There is a substantial risk of onward sexual transmission from people living with HIV/AIDS (PLWHAs) who have not yet started antiretroviral therapy but continue to have unprotected sex [14, 15] .
HIV prevention for PLWHA alongside universal HIV testing has been recommended across Africa [16, 17] . Between 2003 and 2011, forty-seven Demographic Health Surveys (DHS) were conducted in 29 sub-Saharan countries [18] . While uptake of HIV testing has increased in every country studied [18] , and standalone VCT sites and provider-initiated HIV-testing and counselling in health facilities has increased, the proportion of individuals aware of their HIV status remains low [16, [19] [20] [21] . Across surveys a large majority of women (71 percent) and men (83 percent) have never been tested for HIV [18] .
Scaling up access and outreach to testing among underserved populations remains an important goal on the road to achieving universal access to treatment and support in most countries. Hence it is important for every country to understand associations with testing coverage and with infection so as to make effective plans to contain the epidemic.
Sierra Leone, a country in West Africa with an estimated population of 5.6 million, remains at the bottom of the list of all countries in terms of its development indicator [22] . Sierra Leone is divided into 4 regions-Northern, Eastern, Southern and Western. The capital Freetown is located in Western region. Sierra Leone has scaled up HIV Testing and Counselling (HTC) capacity since 2006 [23] , including traditional voluntary HIV testing centres and mobile testing sites.
In Sierra Leone the HIV prevalence was reported at around 2% in the general population (aged 15-49) from two national sero-prevalence surveys conducted in 2002 and 2005. The Sierra Leone Demographic Health Survey (SLDHS) 2008 is the only sero-prevalence survey with data available to include all areas of Sierra Leone and also include an HIV testing component where the HIV results were anonymously linked with the broader behavioural, social, and demographic information collected. The HIV prevalence estimate for the general population (female participants aged 15-49 and male participants aged 15-59) from the SLDHS 2008 is 1.5% and it shows that the prevalence has stabilised and even possibly slightly decreased [24] .
Very little has been published on the HIV epidemic within Sierra Leone [25, 26] , and the factors associated with HIV prevalence and HIV testing in the general population of Sierra Leone have not previously been explored in any depth. In this paper, through a more extensive analysis than conducted previously [24] , we aim to identify factors associated with HIV infection and with having taken a voluntary HIV test using the SLDHS 2008.
Methods

Survey methodology
In 2008 Sierra Leone conducted its first SLDHS. The 2008 SLDHS sample was a stratified clustered sample selected in two stages from the 2004 census frame. Administratively, Sierra Leone was divided into 19 local councils. Strata were defined by separating each local council into its urban and rural areas. The allocation of a target sample size to each stratum was not proportional to stratum size and 'over-sampled' the smaller strata. Within each stratum census enumeration areas were sampled proportional to size and formed the primary sampling units for the survey. Within each selected enumeration area 22 households were selected by equal probability systematic sampling. Further details of the sampling are available elsewhere [24] . Within the selected households all women aged 15-49 who slept there the night before the survey were eligible to be interviewed. All men aged 15-59 who slept in half the selected households were eligible to be interviewed. Three types of questionnaires were used for the 2008 SLDHS: a household questionnaire, a women's questionnaire and a men's questionnaire. The household questionnaire included questions used to identify women and men eligible for individual interviews and to obtain voluntary consent for anonymous HIV testing. The men's and women's questionnaires included standard sets of socio-demographic questions, and the sexual activity and HIV/AIDS sections included questions on first sex, recent sexual activity (last 12 months), knowledge, attitudes, behaviour, stigma around HIV, testing and sexual health in the last 12 months [24] . For our analysis we have included data from all questions on first sex and recent sexual activity except for those relating to paid sex in the last 12 months as the reported prevalence was too low to be informative. We decided not to include information on the number of life time partners because these data were not provided by nearly a half of participants. We included data from all knowledge, testing and attitudes towards HIV questions. Participants were interviewed face-to-face.
HIV Testing
All women and men who were eligible for the interview in households selected for the male survey in the SLDHS 2008 were asked to provide three drops of blood for HIV testing [24] . The protocol for the blood specimen collection and analysis was based on the anonymous linked protocol developed by the DHS programme and was reviewed and approved by the Sierra Leone National Ethics Committee on Bio-Medical Research. For the purposes of blood sample collection, to obtain informed consent for collecting blood for HIV testing, interviewers explained the procedures, the confidentiality of the data, the fact that test results could not be linked or made available to the subject, and informed respondents how they could establish their HIV status through voluntary counselling and testing (VCT) services. The HIV test results were merged with the individual questionnaire records after the questionnaires were destroyed and the cluster numbers scrambled. Further details of dried blood samples collection storage and type of tests used, HIV testing coverage, questionnaires, sampling frame, sample allocation, sample selection, and selection of probability and sampling weights have been described and reported elsewhere [24] .
Statistical analysis
Analysis for this paper was restricted to men and women who were both interviewed and HIV tested. Analysis of association with HIV infection, undiagnosed HIV infection and ever been HIV tested was restricted to sexually active participants. The SLDHS 2008 did not include a question on perceived HIV status. Those who reported a previous voluntary HIV test, and were found HIV positive in this survey, were excluded from certain analyses because it was assumed they would be aware of their HIV infection, and their attitudes and knowledge of HIV and their recent sexual behaviour may have changed as a result of diagnosis. They were excluded from all analyses of knowledge and attitudes towards HIV and from the analyses examining the association between HIV infection and recent sexual behaviour and attitudes, thereby providing data about undiagnosed HIV infection. Whilst the analysis of HIV testing was first performed on the whole sample, the analysis to see how testing was associated with recent behaviour and attitudes was repeated excluding those considered aware of their infection to see if associations were appreciably altered.
Weights were calculated that account for the differential sampling probability of each household and also that reflect the differential non-response (to interview and to HIV testing) by gender. Specifically the weights account for the over-sampling of smaller strata, and the lower probability of selection for a household in a larger enumeration area, further details are available elsewhere [24] . To compare sample characteristics by gender the complex survey equivalent chi-squared test was used. To measure the association of behavioural, demographic and risk perception factors with HIV infection and reporting a voluntary HIV test logistic regression was used. To identify the key factors independently associated with HIV infection, undiagnosed HIV Infection and HIV testing, we used model selection based on a 'manually' conducted backwards stepwise procedure, with a threshold for inclusion and exclusion of p = 0.1 and including in the process only factors initially found significant in the univariate analysis (p<0.1).
To test the robustness of our two final multiple regression models, for HIV infection and having ever had a voluntary HIV test, we fitted skewed logistic regression models. Standard logistic regression assumes that individuals with a probability of the dependent variable of 0.5 are most sensitive to changes in the independent variables, whereas skewed logistic regression allows the greatest change for individuals whose probability is lower or higher than 0.5 [27] . Skewed logistic regression is therefore more flexible.
For each of the three outcome measures we tested gender interactions with each of the socio-demographic, health, service use, HIV knowledge and attitude factors that are listed in the tables and found little evidence of gender interaction (2 significant interactions in 27 tested, p<0.05) and therefore all results are presented for men and women combined. We performed all analyses using the survey analysis functions of Stata (version SE 13; Stata Corp., College Station, TX, USA), accounting for the clustering and weighting of the sample. The percentages and odds ratios presented are weighted, frequency counts are unweighted. Skewed logistic regression was performed using the function 'scobit'. A 5% significance level was used, unless otherwise stated.
Ethical approval and data source
The data were obtained for analysis from DHS Data Archive [28] and were supplied without personal identifiers. This secondary analysis research study was approved by the Ethical and Sanitation Committee of Sierra Leone and University College Hospital Ethics Committee judged that formal ethical approval was unnecessary.
Results
Characteristics of survey participants
A total of 7495 participants were asked to complete an interview and also offered an HIV test and 6475 participants (3009 men and 3466 women) accepted both components and hence are included in all analyses (Table 1) giving a response rate of 86% (see the SLDHS 2008 Report for further details [24] ).
The majority of the sample were Muslim (78%), and most participants (64%) lived in rural areas. More than half of the sample reported no formal education; illiteracy was significantly higher in women than men (p<0.001). Men were slightly older than women (mean age 32.9 years and 29.3 years respectively, p<0.001). Twice as many women as men reported their first sexual intercourse at 16 years old or younger (p<0.001). In the sample 59% of men were married, 38% unmarried and 3% widowed, separated or divorced compared to 67%, 27% and 6% of women respectively (p<0.001). Most (78%, 71/91) of those who were HIV positive had never had a voluntary HIV test; 86% were sexually active in the last 12 months and 96% of those did not use a condom at last sexual intercourse. More women than men had ever had a voluntary HIV test (p = 0.001). 7.5% of women had a test as part of antenatal care. Antenatal care was the source of testing for 60% of all women that had an HIV test and 81% among women who tested and who had given a birth in the last 5 years. There is some evidence that the HIV prevalence is higher in women than men (p = 0.068) in this analysis based on all participants whether sexually active or not.
Level of knowledge and attitudes towards HIV
Only 43% of men and 24% of women (p<0.001) knew where to get condoms ( Table 2) . Almost all (93%) men, but only 61% of women could get a condom if they wanted (p<0.001). Around 38% of both men and women knew a place for HIV testing. Although 82% of men and 69% of women had heard of HIV/AIDS (p<0.001) and slightly more had heard of sexually transmitted infections, awareness of antiretroviral treatments (ART) was much lower at 35% of men and 27% of women. Around three fifths of men and women knew that HIV could be transmitted to a child through pregnancy, delivery or breastfeeding but only 39% of women and 29% of men (p<0.001) had heard of drugs to prevent mother to child transmission. Around three quarters of men and three fifths of women knew the risk of acquiring HIV could be reduced through being faithful, use of condoms and abstaining from sex (p<0.001 in each case). Less than half of male respondents and around half of female respondents were unsure or thought that HIV could be transmitted from mosquito bites, by witchcraft and by sharing food with an HIV infected person (p<0.001 in each case). Almost half of women and a third of men did not know or thought it impossible that a healthy looking person could be HIV positive (p<0.001), and similar proportions of men and women were unsure or would not care for an HIV positive person (p<0.001). Only 39% of men and 20% of women (p<0.001) would buy vegetables from an HIV infected vendor. The vast majority of participants (94% of men and women) did not know an HIV positive person.
Associations with HIV infection
After restricting analysis to sexually active participants, the HIV prevalence was 1.3% in men and 1.8% in women. In univariate analysis (Table 3) HIV infection was associated with marital status (p = 0.018), separated, divorced or widowed individuals have a prevalence three times higher than those married. HIV infection was associated with age at first sex (p = 0.026), those who had their first sex at 17-18 years old were more likely to be HIV infected than those who first had sex at a younger or an older age. Urban populations had a higher HIV prevalence than rural communities (p<0.001), and those residing in the Western province were more likely to be HIV positive than those living elsewhere (p = 0.003). After model selection from among the factors in Table 3 urban residence was found to be significantly associated with HIV infection and there was some evidence also of association with marital status (p = 0.078) and age at first sex (p = 0.055).
Associations with undiagnosed HIV infection
To examine undiagnosed HIV infection all HIV positive individuals who reported they had ever taken a voluntary HIV test were excluded (n = 20). Univariate analysis of undiagnosed HIV infection did not find any association with knowledge, behaviour and attitude factors (Table 4) .
Associations with having a voluntary HIV test
Twelve per cent of the sample had ever taken a voluntary test for HIV, more commonly reported by women than men (p = 0.001). Around 80% of those tested got their result. In univariate analysis ever having an HIV test (Table 5) was associated with being 25-34 years old, urban residence, living in the Western province, Christian religion, female with a child<5 years old, having secondary or higher education and having had first sex at 17-18 years of age. Using a condom at last sex, knowing that HIV can be reduced by abstinence, being faithful or through condom use, and knowing that a healthy looking person can have HIV were all associated with ever taking a voluntary HIV test. After adjustment, most of the variables that were significant in univariate analysis, remained significant (Table 5) . Participants who were living in urban areas or in Southern or Western regions, female with or without children under 5 years of age, of secondary/ higher education, who had first sex at 17 years of age or older, used condom at last sex, and know that HIV can be reduced by using condom were more likely to have been tested. Univariate and multivariate analysis were repeated excluding those who were found HIV positive in this survey and who reported a previous voluntary HIV test, and the results were similar [data not shown].
Sensitivity analysis
For each of our two final multiple regression models, for HIV infection and having ever had a voluntary HIV test, we also fitted the corresponding model using skewed logistic regression. For both outcome variables we compared the p-values and coefficients from the standard and skewed logistic regression for each explanatory term in the models and these were near identical with near identical 95% confidence intervals (results are not reported). Consequently we believe the findings we report from our original multiple logistic regression models are robust to allowing the more general form of skewed logistic regression.
Discussion
The SLDHS 2008 estimated the national HIV prevalence in the general population of Sierra Leone aged 15-59 years to be 1.5%, and slightly higher in women than men. Most (79%) HIV infected adults were unaware of their HIV infection; the vast majority (90%) reported being sexually active in the last 12 months and most (80%) did not use condom at last sexual intercourse. Only a third of women and men aged 15-59 years old knew where to obtain an HIV test. One tenth of the sexually active population, and significantly fewer men than women, had ever tested for HIV and only 5% had tested in the last 12 months. Across sub-Saharan Africa the DHS surveys provide broadly similar findings concerning the HIV undiagnosed fraction and associations with testing. While seropositive individuals are more likely to have ever been tested for HIV, most of those living with HIV remain undiagnosed and have no way of knowing their HIV status because they have never been tested [18] . In each of the 29 countries surveyed, higher percentages of urban than rural residents report ever having been tested for HIV. Older adults have more lifetime exposure to the possibility of being tested. HIV testing uptake tends to be higher among those who attended secondary education compared with those with no education or with primary education only. Never-married women and men report lower uptake of HIV testing. Higher percentages of sexually active respondents report ever testing and testing in the past 12 months than respondents who have never had sex [18] . For a regional comparison we note that relative to Sierra Leone the 2008 DHS surveys in Ghana and Nigeria indicated that more (70% and 49% respectively) of women and men aged 15-49 years knew where to obtain an HIV test, somewhat more (15% in both countries) had ever tested and received the results of the test and a similar proportion (5.5% and 6.6% respectively) had tested and received the results in the last 12 months [29, 30] . Whilst we have no data concerning the impact of diagnosis or subsequent prevention activities on transmission within Sierra Leone other studies in sub-Saharan Africa have shown that behavioural interventions with PLWHAs based on increasing knowledge and awareness of HIV transmission factors, and offering prevention and partner counselling, have been associated with reduced HIV transmission risk [1, 31, 32] . In Uganda, Kenya and Malawi, knowledge of HIV status was associated with a three-fold increase in condom use in a nationally representative survey [1, 4] , and in Uganda, among patients on ART, prevention counselling and partner voluntary counselling and testing (VCT) was associated with a 70% reduction in sexual risk behaviour and 98% reduction in HIV transmission risk [32] .
There is an urgent need to improve the HIV testing uptake in Sierra Leone, a necessary first step to access treatment, change behaviour and positive prevention in those infected, and an opportunity also to promote prevention to those uninfected. The overall testing coverage in 2008 remained far below Sierra Leone's national goal of 100% testing of all adolescents and adults [33] . HIV testing is higher among women who had given a birth in the last 5 years, compared to those who did not, and compared to men, and the vast majority (81%) of these women who reported testing stated this was as part of antenatal care. This confirms the importance of ANC services for HIV testing in women of reproductive age. Nevertheless only 16% of women who had given birth in the last 5 years have been tested for HIV. The National Guidelines for HTC in Sierra Leone promote a varied approach including mass HIV testing campaigns, antenatal care clinics, mobile clinics, client-initiated and provider-initiated [33] . Our findings support these guidelines and also suggest a need for special efforts to further promote HIV testing as part of antenatal care and to bring HIV testing to men and to women who are not using ANC services. Whilst most demographic subgroups with higher HIV prevalence also have higher testing, and vice-versa, some do not and these should be targeted for HIV testing initiatives. This suggests targeting those unmarried (particularly those separated, divorced or widowed), or without education, or aged over 45, and possible consideration of how differences in testing by religion can be addressed.
We have seen that HIV knowledge is low among the general population of Sierra Leone and lower in women than men. We found that only just over 30% of the general population have heard of ART and knew of a place where to get a condom. Increasing promotion of, and access to, condoms is fundamental to HIV prevention efforts. While provision of information is not in itself enough to change behaviours it is a fundamental component of HIV prevention. Raising awareness of ART could help encourage people to test for HIV, especially antenatally, reduce stigma, and increase use of ART to prevent mother-to-child transmission.
There are some limitations to this study that should be noted. The SLDHS is a household survey, and therefore excludes non-household population groups, such as those living on the street or in institutions (e.g. prisons, boarding schools, military barracks, refugee camps, and brothels). These non-household populations may have higher HIV prevalence than the household population. Whilst the response rates to interview and HIV testing were comparatively high, we cannot exclude the possibility that non-responders may differ from responders in key outcomes such as HIV infection. The missing data may have caused some bias in prevalence estimates. The measures of association with HIV infection and testing we present, and which are the focus of our work, are perhaps less susceptible to bias. The analysis is based on selfreported behaviours, so men and women may misreport these behaviours, for example because of social desirability bias. The analysis is based on cross-sectional data, so the reported associations may not imply causality. The SLDHS 2008 did not collect information on knowledge of HIV status at the time of survey completion. We assumed that those individuals who tested HIV positive in this survey and who reported a previous voluntary HIV test would be aware of their positive status and so we excluded them from certain analyses because of the likely change in their behaviour and attitudes from diagnosis. However it may be that they tested HIV negative at their last voluntary test, and in this case our analysis may underestimate undiagnosed infection in Sierra Leone.
The SLDHS was repeated in 2013 and preliminary findings are available [34] , but these do not include data concerning either HIV infection or HIV testing. In due course it will however be possible to repeat these analyses and investigate the change over time.
The HIV epidemic is currently stable in Sierra Leone. However the risk of an escalation remains as health literacy around HIV and HIV prevention is low and 78% of those infected are unaware of their HIV infection and therefore unable to either access therapy or modify behaviour. Many African countries have low HIV testing coverage and so are missing the opportunity for positive prevention. In common with several other sub-Saharan African countries [18] , Sierra Leone needs to continue the rapid expansion of HIV testing, access to ART treatment and condoms for people living with HIV.
